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and thoracic aneurysms suggested that proximal control of
the descending thoracic aorta close to the LSCA presents
a number of technical difficulties. In addition, our early
experience with endovascular stent grafts (including three
placed for BAI and five placed for other emergent thoracic
vascular cases) has led us to observe that in the proximal
descending aorta there are large variations in curvature of
the aorta that may also have impact on the technical
aspects of surgery. The specific technical issues impacting
the surgical management of injuries close to the LSCA
include (1) the increased difficulty in obtaining proximal
exposure because of the adjacent bronchus; (2) the need
to clamp the LSCA with interruption of important collat-
eral flow to the spinal cord; (3) the increased risk of injury
to the left recurrent nerve; and (4) a greater difficulty 
in performing the anastomosis because the lumen of 
the aorta is “deeper” in the chest (Fig 1). We therefore
conducted a review of our experience with BAI to deter-
mine whether the proximity of the aortic tear to the LSCA
did indeed have implications on the technical aspects of
repairing traumatic injuries in this area and on the overall
outcome.
METHODS
The Trauma Registry was used as a means of identify-
ing patients who were admitted to Harborview Medical
Center between March 1985 and February 1999 with the
diagnosis of BAI. The Institutional Review Board gave
approval before we commenced the study. Data describing
patient presentation, injury severity score (ISS), revised
The management of blunt aortic injury (BAI) involv-
ing the thoracic aorta has evolved since Parmley’s classic
autopsy study in 1958.1 Three areas of development
include the recognition of the importance of blood pres-
sure control, the concept that some patients may do bet-
ter when surgical intervention is delayed, and, finally, the
knowledge that mechanical circulatory support, primarily
with left heart bypass grafting, is an important adjunct in
reducing the risk of paralysis.2-13 As other studies have
noted, we commented earlier on the significance of pre-
senting physiology and associated injuries on paralysis and
death after BAI.14 We think that attention to precise
anatomical details is of clinical importance also. Most BAIs
are still described in clinical series as occurring at the “level
of the isthmus.” This is a relatively imprecise anatomical
term that describes various lengths of descending thoracic
aorta extending inferiorly from the origin of the left sub-
clavian artery (LSCA). Our experience with both BAIs
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Purpose: Blunt aortic injury (BAI) involving the thoracic aorta is usually described as occurring at the isthmus. We
hypothesized that injuries 1 cm or less from the inferior border of the left subclavian artery (LSCA) are associated with
an increased mortality rate compared with injuries that are more distal.
Methods: A retrospective review of patients admitted with the diagnosis of BAI was performed. Injuries were divided
into two groups: group I, injuries that were 1 cm or less from the junction of the LSCA and the thoracic aorta; group
II, injuries that were more than 1 cm from the LSCA. Primary outcome measures included cross-clamp time, rupture,
and death.
Results: In a 14-year period, 122 patients were admitted with BAI. The anatomy relative to the LSCA could be deter-
mined in 91 patients who underwent operative repair. Forty-two injuries (46%) were classified as group I, and 49
injuries were classified as group II. Group I injuries were characterized by an increased mortality rate (18/42 or 43%
in group I vs 11/49 or 22% in group II, P = .04), intraoperative rupture rate (7/42 or 17% in group I vs 1/49 or 2%
in group II, P = .003), and cross-clamp time (39.5 ± 21.9 minutes in group I vs 28.4 ± 13 minutes in group II, 
P = .04). Three ruptures occurred while proximal control was being obtained.
Conclusion: Increased technical difficulty and risk of rupture characterize injuries that occur proximally in the descend-
ing thoracic aorta, 1 cm from the LSCA. These injuries may be better managed by instituting bypass before attempt-
ing to obtain proximal control and by routinely clamping proximal to the LSCA. (J Vasc Surg 2001;34:628-33)
trauma score (rTS), extracorporeal circulation, Trauma
Registry ISS (TRISS)–derived probability of survival, and
outcome were collected from patient charts, angiograms,
operative notes, and medical examiner reports. Angiograms
were reviewed independently by a radiologist who was
blinded to the outcomes.15,16
Injuries were subdivided on the basis of the distance (≤
1 cm or > 1 cm) from the junction of the inferior border
of the LSCA with the thoracic aorta. This relatively arbi-
trary distance was chosen because our operative experi-
ence has been that a distance of at least 1 cm between
clamp and suture line is required to ensure a reliable anas-
tomosis. For a patient to be included, the description of
the injury relative to the origin of the LSCA had to be
present in at least two of these sources: operative report,
autopsy report, angiogram, and chest computed tomogra-
phy (CT) scan. Aortograms were performed with a pigtail
catheter (5F, 6F, or 7F; Cook, Bloomington, Ind) posi-
tioned in the ascending thoracic aorta. Retrospective
analyses of the aortograms were made in the left anterior
oblique projection. Linear measurements were made
between a line drawn from the origin of the LSCA trans-
verse to the aorta to the most cephalad margin of the
injury site. These measurements were obtained along both
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the lesser and greater curves of the aorta. The distance
closest to the LSCA was then recorded. The raw measure-
ments were calibrated to the pigtail catheter to obtain the
reported actual measurements (Fig 2). Angiograms were
available for review in 83 cases. CT scans used (in 5 cases)
were either helical scans or those performed with an aor-
tic dissection protocol that allowed the root of the LSCA
relative to the superior aspect of the tear to be identified
and the distance measured. The radiographic findings
were confirmed at operation, autopsy, or both, although
the operative notes were limited in detail to describing the
injuries as 1 cm or less or more than 1 cm from the LSCA.
Injuries 1 cm or less from the LSCA were categorized as
group I; injuries more than 1 cm from the LSCA were cat-
egorized as group II. Injuries were graded as being partial
(< 1⁄2 circumference) or complete.
Free rupture was defined by means of operative
reports indicating frank hemothorax with ongoing bleed-
ing from the actual site of the tear. An intraoperative rup-
ture was defined as a rupture occurring after the incision
was made.
The presence of blunt cardiac injury, closed head
injury, or both was determined by means of criteria that
were similar to those reported by other investigators.10
Blunt cardiac injury was defined by the presence of a
description of segmental wall motion abnormalities by
Fig 1. Illustration demonstrating proximity between distal tra-
chea, left main bronchus, and recurrent nerve to the arch of aorta
proximal and at the level of left subclavian artery.
Fig 2. Measurement between superior aspect of injury (line 1)
and line drawn from the inferior aspect of the LSCA (line 2).
means of echocardiography or a visual operative, the
requirement for inotropic support, or both.
Closed head injury was determined by means of
abnormal results of a head CT scan (edema, hemorrhage,
or both), elevated intracranial pressure of more than 20
mm Hg, or a Glasgow coma score of 8 or less.
Ischemic spinal cord injury (paralysis/paraplegia) was
defined as a lower-extremity sensory-motor deficit that
was not present preoperatively and was defined only in
patients who survived long enough that a complete exam-
ination could be recorded postoperatively.
Left recurrent nerve injury was documented in sur-
vivors by means of recognition of a hoarse voice and con-
firmed by means of laryngoscopy that identified unilateral
left vocal cord paralysis or weakness.
In most cases in which mechanical circulatory support
was used, left heart bypass grafting was used. In two
instances, femoral-femoral bypass grafting with an oxy-
genator was required. For the purposes of analysis, these
cases were grouped together.
Results are expressed as the mean ± the SD. Univariate
analysis was performed with the χ2 test for categorical
data. When a table had one or more cells with an expected
frequency of less than 5, the Fisher exact test was used.
The unpaired pairs t test, with the Levene’s test for equal-
ity of variances, was used for continuous variables. Factors
analyzed for each outcome are listed in Table I. All vari-
ables significant at a P value of .1 or less were entered into
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a logistic regression model as a means of determining pre-
dictors of outcome. Statistical significance was taken to be
a P value of .05 or less. Odds ratios were used as a means
of predicting the risk of a particular outcome. All statisti-
cal analyses were performed with SPSS 7.5 software for
Windows (SPSS, Inc, Chicago, Ill).
RESULTS
Patient population. In the 14-year study period, 122
patients in whom traumatic thoracic aortic rupture was
diagnosed were identified. Fifteen patients underwent
nonoperative therapy because of comorbidities or a closed
head injury that was determined to be lethal. One injury
occurred in the ascending aorta, and one injury occurred
in the arch. Of the remaining 105 patients, the grade,
location, or both of the injury relative to the LSCA could
be clearly determined in 91 instances, and this formed the
study population. The mechanisms of injury in the study
population included motor vehicle accident (70), motor-
cycle accident (11), pedestrian/vehicle accident (7), fall
(2), and airplane crash (1). Seventy-one of the patients
were men and 20 were women. Twenty-nine patients were
transferred from other institutions rather than being
admitted directly from the trauma scene.
Forty-two injuries occurred 1 cm or less from the
LSCA (group I), and 49 injuries occurred more than 1 cm
from the LSCA (group II). There were no differences
between the anatomic groups in ISS, revised trauma score,
TRISS probability of survival, or incidences of closed head
injury or blunt cardiac injury (Table II).
Impact of anatomy on cross-clamp time and rup-
ture. Group I injuries were associated with an overall
increased incidence of rupture and intraoperative rupture
and cross-clamp time (Table III). In group I, proximal
control of the aorta was obtained between the common
carotid artery and LSCA in 39 cases, with separate clamp-
ing of the subclavian artery, and control was obtained dis-
tal to the subclavian in three cases. Within group I, three
cases of intraoperative rupture were clearly identified as
occurring during attempts to gain control of the aorta
proximal to the supposed injury site, in one instance dur-
ing control distal to the LSCA and in the other two
instances between the LSCA and left common carotid
Table I. Factors studied for all outcomes analyzed*
Categorical data Continuous data
Presence or absence of closed head injury Injury severity score (ISS)
Presence or absence of blunt cardiac injury Revised trauma score (rTS)
Was the patient a transfer or not TRISS-derived probability of survival (TRISS Ps)
Use of mechanical circulatory support Cross-clamp time
Injury within 1 cm of left subclavian artery (group I) or more distal (group II) Age
Injury complete or partial
Documentation of rupture
Left subclavian artery clamped or not
Sex
*Only those with a P value less than .1 are recorded in the results.
Table II. Proximal versus distal injuries: comparison of
injury severity
Proximal (N = 42) Distal (N = 49) P value
BCI 6 (14%) 6 (12%) .8
CHI 18 (43%) 15 (31%) .21
ISS 30.8 ± 11.0 34.1 ± 18.0 .3
RTS 6.1 ± 2.0 6.4 ± 1.9 .57
TRISS Ps 0.73 ± 0.30 0.77 ± 0.30 .53
BCI, Blunt cardiac injury; CHI, closed head injury; ISS, injury severity
score; RTS, revised trauma score; TRISS, Trauma Registry ISS; Ps, TRISS-
derived probability of survival.
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artery. These three cases belonged to a group of six patients
in group I in whom either the injury extended proximal to
the LSCA or there was a second tear in the distal arch. If
these cases are excluded, the risk of rupture in group I
(15/36) almost reached significance compared with that in
group II (P = .057). Two of the survivors in the proximal
group who experienced paralysis were among the group
who sustained a rupture during dissection, before the insti-
tution of extracorporeal circulation. In group II, control
was obtained between the common carotid and LSCA in
25 cases, distal to the LSCA in 24 instances. The sole inci-
dent of intraoperative rupture that was documented in
group II occurred during attempts to encircle the aorta
proximal to the injury site, but distal to the LSCA.
Among the 14 patients not included because of
incomplete data, in 10 cases there were operative or
autopsy data alone. There were four additional group I
injuries (one rupture) and six additional group II injuries
(1 rupture) in these 10 patients. When they are added to
the 91 patients in the study population, the risk of rupture
in group I is still significantly greater than in group II.
Complete disruptions were associated with a trend
toward increased rupture (11/38 [29%]) compared with
that of partial tears (7/53 [13%], P = .06). The risk of
rupture on the basis of location was determined by means
of logistic regression controlling for grade. Location was
an independent risk factor for rupture (P = .009). When
the degree of disruption was controlled, group I injuries
were associated with a 5.3-fold increase in the incidence
of free rupture compared with more distal injuries (CI,
2.7-11).
Outcome for mortality. Patients with group I
injuries had a higher mortality rate (18/42 or 43% in
group I vs 11/49 or 22% in group II, P = .04). The pre-
dominant cause of death was rupture (Table III). The
mortality rate was also related to revised trauma score
(nonsurvivors, 4.77 ± 2.48, vs survivors, 6.88 ± 1.45; P =
.001). The mortality rate was increased in patients with
blunt cardiac injury (8/12 [67%]) versus patients without
blunt cardiac injury (21/79 [27%]; P = .02). Closed head
injury was not associated with an increased mortality rate
(10/23 or 43% of patients with closed head injury died vs
Table III. Comparison of operative data and outcomes between proximal and distal BAI
Outcome Proximal (N = 42) Distal (N = 49) P value
Death 18 (43%) 11 (22%) .04
TRISS Ps 0.72 ± 0.33 0.7 ± 0.3 .53
Rupture 14 (33%) 4 (8%) .003
Intraoperative rupture 7 (17%) 1 (2%) .02
Grade Partial N = 21 Partial N = 32 .01
Complete N = 21 (50%) Complete N = 17 (35%)
Cause of death Rupture N = 13 Rupture N = 3
Cardiac N = 1 Cardiac N = 3
MOF N = 4 MOF N = 1
CHI N = 4
Primary repair 8 (19%) 9 (18%) .9
MCS “Clamp and sew” N = 23 “Clamp and sew” N = 21 .26
MCS N = 19 (45%) MCS N = 28 (57%)
Cross-clamp time 39.5 ± 22.0 min 28.4 ± 13.0 min .02
Neurologic defect among survivors 5 (18%) 2 (5%) .11
Cardiac, Cardiogenic shock/arrest; CHI, closed head injury; MCS, mechanical circulatory support; MOF, multiple organ failure.
Table IV. Factors relating to mortality
Univariate analysis Multivariate analysis
Factor P value P value OR (95% CI)
Rupture <.001 .04 40 (11.2-142.8)
Complete disruption .08 .83 0.66 (0.25-1.75)
Blunt cardiac injury .02 .01 62.5 (12.5-333.0)
Proximity to LSCA (group I) .04 .39 2.7 (1.1-6.9)
“Clamp and sew” .07 .09 2.5 (1.0-6.1)
Injury severity score .1 .55 1.0 (0.9-1.0)
Revised trauma score <.001 .004 2.4 (1.8-3.2)
Multivariate model created by using stepwise logistic regression.
P values less than .1 were retained in the model.
TRISS probability of survival, which incorporates revised Trauma Score, age, and injury severity score, was not included in the model.
JOURNAL OF VASCULAR SURGERY
632 Carter et al October 2001
19/68 or 28% of patients without closed head injury, P =
.17). There were trends toward increased mortality rates
depending on the severity of the injury to the aorta
(16/38 or 42% with complete transsections vs 13/53 or
25% with injuries < 1⁄2 circumference; P = .08), the possi-
ble use of mechanical circulatory support (18/44 or 41%
when “clamp and sew” vs 11/47 or 23% when mechani-
cal circulatory support was used, P = .07), and overall
injury severity (ISS nonsurvivors, 36.6 ± 15.7, vs ISS sur-
vivors, 30.7 ± 15.5, P =.1). All factors that were found to
be significant by means of univariate analysis to a P value
of .1 or less relative to mortality were entered into a
regression analysis (Table IV). The risk of death was
increased 40-fold by rupture and 62-fold by the presence
of blunt cardiac injury.
Outcome for paralysis and the impact of mechani-
cal circulatory support. There were seven instances of
postoperative ischemic injury to the spinal cord. In two
cases, the patients became completely paraplegic. In the
remaining five cases, all patients had bowel and bladder
dysfunction, with varying degrees of lower-extremity
motor weakness.
Extracorporeal circulatory support was used in 47 cases,
two with femoral-femoral bypass grafting with interposition
of oxygenator (because of severely impaired oxygen satura-
tion) and 45 with left atrial-thoracic aortic or femoral artery
circulatory assistance with centrifugal pump. Heparin-
bonded circuits were used in 20 of the last 24 cases. There
were no instances of bleeding complications, including
intracranial hemorrhage, associated with mechanical sup-
port. The incidence of paralysis/paraplegia in survivors was
increased significantly when extracorporeal circulation was
not used (7/28 or 25% with “clamp and sew” vs 0/41 with
mechanical circulatory support, P = .001).
There was no difference in cross-clamp time between
survivors with ischemic spinal cord injury (46.8 ± 25.3
minutes) and those without ischemic spinal cord injury
(30.3 ± 17.4 minutes, P = .28). No differences were noted
in revised trauma scores, but patients with paralysis/para-
plegia had a significantly higher ISS (42.6 ± 37.2) than
patients without paralysis/paraplegia (29.7 ± 9.6, P =
.03). There was a trend toward increased incidence of
postoperative paralysis/paraplegia in group I injuries
(5/28, 18%) versus group II injuries (2/41, 5%, P = .11).
Considering all patients, the incidence of paralysis was not
affected by clamping the LSCA (5/42 or 12% when the
LSCA was clamped vs 2/21 or 10% when the LSCA was
not clamped, P = .1). However, when considering only
those patients in whom mechanical circulatory support
was not used, there was an increased incidence of paralysis
when the LSCA was clamped (5/18, 28%) as opposed to
when it was not (0/29, P = .006).
When entered into a logistic regression model, no one
factor was found to retain independent significance.
Recurrent nerve injury. Recurrent nerve injury was
documented in 10 of 41 survivors (24%) who had proxi-
mal control obtained between the carotid and subclavian
arteries and in none of the 21 patients who did not (P =
.01). At 6 months’ follow-up, eight of the cases of recur-
rent nerve injury had resolved.
DISCUSSION
BAI is commonly reported in clinical series to involve
the descending thoracic aorta, usually in the region of the
“isthmus,” and with a significant number of partial tears.2-13
This is distinct from autopsy studies that identify a higher
incidence of complete disruption, associated cardiac
injury, and injuries in a multiple areas of the entire thoracic
aorta.7,13 Complete tears have been noted to be associated
with decreased survival.10,13 It has also been stressed that
there should be a low threshold for obtaining control of
the thoracic aorta between the left common carotid and
subclavian arteries because of the risk of proximal exten-
sion of the injury.2,17 With these exceptions, there has
been little attention to the specific anatomy of the injury.
Our results indicate that injuries within 1 cm of the
LSCA present an increased risk for rupture, in particular
during operative exploration. This correlates with an
increased mortality rate. Inadvertent entry into the
hematoma, or unrecognized proximal extension of the
tear, may be the primary cause. There may be more ten-
sion on the proximal descending aorta than on more dis-
tal sites, resulting in greater traction on an injury and, in
turn, resulting in a higher injury grade and propensity to
rupture. In addition, the increased difficulty in performing
an anastomosis is reflected by increased cross-clamp times.
Furthermore, the need to obtain control between the left
common carotid artery and LSCA may result in critical
impairment of collateral spinal blood flow. The increased
cross-clamp times and the suggestion that occlusion of the
LSCA without the benefit of mechanical support are asso-
ciated with increased risk of paralysis both suggest that
mechanical circulatory support should be used. As a result,
cannulation should be performed before manipulating the
aorta in the region of the injury so that if inadvertent
entry occurs, mechanical support is already in place. We
have found that angiography is an extremely accurate
means of determining the proximity to the LSCA. CT
scans were also found to be accurate on the basis of the
review of these cases. Most recently, we had an experience
in which a long proximal extension of the injury into the
ascending aorta was not identified by means of a helical
CT scan. Whether a helical CT can be relied on in all cases
to provide all critical details, in our opinion, still awaits
further prospective data.
There are some advantages to clamping the aorta distal
to the LSCA in selected cases. These may include easier 
dissection, reduced recurrent nerve injury, and potentially
maintaining collateral spinal cord blood supply via the
LSCA. Cases that could be considered for this approach
should, however, include only those in which preoperative
studies and intraoperative assessment (absence of hematoma
within 1 cm from the LSCA) clearly identify that the injury
is well distal to the origin of the LSCA to avoid the risk 
of clamping across a proximal extension of the injury.
Although our data suggest that approximately half of
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patients might be candidates for proximal control distal to
the LSCA origin, we think that the surgeon should err 
on the side of caution, and when there is any doubt, obtain
control between the left common carotid and left subclavian
arteries.
Although there are many factors that contribute to out-
come, closed head injury and blunt cardiac injury have been
associated with increased mortality rates and appeared to be
an important cause of death in our series.2,4,8 Although dif-
ferences in cross-clamp times were not statistically different
between patients who had postoperative neurologic deficit,
this may be a consequence of the small sample size and may
reflect a beta error. Certainly, the available data published in
the literature continue to emphasize the importance of
cross-clamp time on spinal ischemia.
In addition, the degree of instability before repair has
a major impact on the risk of postoperative paralysis.14
Therefore, although it was not a primary goal of our study,
we considered it important to evaluate the impact of these
injuries on outcome. Our results are consistent with earlier
reports that stressed the impact of associated injuries and
presenting physiology on survival.
This review suffers from two major defects. Because it
is a retrospective study, the data may not accurately reflect
the exact operative details and course of the patient.
Second, the series was gathered in a 14-year period, dur-
ing which there have been significant changes in evalua-
tion, diagnosis, nonoperative management, and the use of
mechanical circulatory support.
Although our findings do require prospective valida-
tion, we have instituted the following practices, with the
result that of the last 24 patients admitted with a BAI
who underwent operative repair and who were not in
arrest before the operation, all have survived neurologi-
cally intact:
1. Injuries 1 cm or less from the origin of the LSCA man-
date control between the common carotid artery and
LSCA.
2. Great care must be taken when encircling the aorta
between the common carotid artery and LSCA not to
inadvertently dissect inferiorly and enter the superior
border of the hematoma or the actual injury site.
3. In stable patients without signs of impending rupture,
cannulation for mechanical circulatory support should
be performed before dissection, particularly when dis-
section proximal to the LSCA is required.
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